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THE PATENT OFFICE 

larly for use in wotk, such as emergency 

15 or rescue work, or in mines, where in use 
the apparatus, usually a portable pack, is 
shifted and held in various positions witib 
reference to its normal vertical position, such 
as when carried on the back of a miner 

20 crawling up a slope in the mine. 

One aim of this invention is to pressurize 
the liquid air or oxygen in the supply con- 
tainer by gas developed from the container 
liquid, by taking advantage of the high 

25 ratio of expansion of the liquid to gas, which 
in the case of liquid air is 630 to 1. An- 
other, aim of the invention is to prevent 
the returned gas from being recondensed 
into the liquid thereby to destroy its pressu- 

30 risung effect and impair the explusibn of the 
liquid for breathing purposes. A further 
aim of this invention is to expel a large 
total amount of the liquid regardless of 
the angular position of the container between 

35 its normal upright position and its hori- 
zontal position, so as to render available 
for breathing purposes the largest practic- 
able amount of the liquid. 
Accordmgly this invention provides appa- 

40 ratus for converting liquid air or liquid 
oxygen into gaseous form, which apparatus 
comprises (1) a liquid air or liquid oxygen 
container having a liquid outlet member and 
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positions of the container between its normal 
upright position and its horizontal position* 
the gas inlet member is adapted to discharge 
gas into a space above liquid air or liquid 60 
oxygen in the container and thereby avoid 
recondensing the gas in the liquid air or 
liquid oxygen, and the liquid outlet mem- 
ber is adapted to expel the maximum total 
quantity of the liquid air or liquid oxygen 65 
in the container. 

The apparatus of the invention may have 
a liquid outlet conduit communicating with 
the liquid outlet member, means for convert- 
ing a piart of the liquid air or liquid oxyr 
gen in the liquid outlet conduit into gas for 
breathing purposes, a gas pressurizing con- 
duit communicating with the gas inlet, mem- 
ber, means for converting a part of the 
liquid air or liquid oxygen in the liquid 75 
outlet conduit into gas and conducting such 
gas to the gas pressurizing conduit; and 
means actuated by gravity to move the liquid 
oudet to its lowest point and the inlet to its 
highest point within the container when the 
container is in angular positions between 
its normal upright position and its horizontal 
position. The gravity actuated means may 
be a weight Bxed to the liquid outlet mem- 
ber. ^ 

A preferred arrangement is one in whicli 
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We. The FiREwcr r. 


We. The Firewell Company. Inc.. a cor- 
poration organised under die laws of fte 
State of Ohio, located ai 3695 Itooadwav 
Buffalo. New York. United STot 

i^ ^^ri.** ^ invTntioi 

tor wlucb we pray diat a patent mav ih^ 
granted to us. and the mXd W^hich 
' « to be perfonned to be paticSrly de- 

This invention relates to apparatus for cmi 

th- i-^ ^'j" ?f invention is to" pressurize 
the Iiqmd air or oxygen in flie su?Sy^S! 

Sd th?Satae; 


a gas inlet member connected together and 
so .amnged that, no matter how the «»n- 45 
tamer ,s oriented between its normal upS 
position and its horizontal position the 
hquid ouflet is always at die IowS%ota^ 

ft It ^X^' ^ Jnl" « always 
vlrt^ha P""*^' ^"'^ ^2) means for cob. 50 

" "Jl"'^ °=^ysen with- 
^wn from the container into gas • and 
retummg part of the gas to the ^tiiin« 
J^^J-Sh the m inlet iSember. thelS^ 
ment of the liquid oudet member and ^ 55 
PS inlet member being such tK angJ5| 
pes tions of the container between ^noS 
upngbt posiUon and its horizonfal poS^ 

&s into a mace above Uquid air or liouid 60 
oxygen m the container Md thereg Sd 
rccOTdensing the gas in die liquid air or 
liquid oxygen, and die hquid ouUe mem- 
ber IS adapted to expel the marimum^oSi 
.Wrta£lr"'^'^''^-«S."'S^^'65 

Sg a^St°S'i,'"7''?i- °^vTr? 
mg a part of the liquid, air or liouid nrv n\ 

f^Z^ IMd oudet «Sd5 iZlsX 
breaflimg purposes, a gas pressurfeinf con! 
duit communicating with die gas iidet m?m 
ber. means for convertins knart a " 

A pOmti nmnjemeB ii one io irlildi " 
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the liquid outlet member projects radiri^ 
from a swivel joumalled on the bottom 
of the container: in which the gas inlet mem- 
ber projects radially from a swivel jour- 
S nailed on the top of the container; and m 
' which there is means conncctmg the swivels 
to compel them to rotate in unison. The 
swivels may be concentric and a rod may Dc 
axed at its opposite ends to the swivels to 
10 compel them to rotate in unison. The oppos- 
ing necks may be provided on the swivels 
concentric with their axis of rotation and 
the rod may then be in the form of a thin- 
walled hollow tube with its opposite ends 
15 embracing and fixed to the necks 

Apparatus in accordance with the mven- 
; tion in the form of a portable pack is 
simple and extremely reliable m opcraUon 
and is not subject to breakdown or mal- 

20 ^"^^^1^°^^ invention will be better under- 
stood an example in accordance with it will 
now be described with reference to the 
accompanying drawings in which : ^ 

25 Figure 1 is a schematic representation oi 
a breathing pack embodying the present m- 

^^Rgure 2 is an enlarged central longitu- 
dinal section through a container for the 

30 liquid air or oxygen included in the breath- 
ing pack. . - 
The invention is essentially concemea 
with the mechanism contained within a 
double walled container or bottle indi<»ted 

'15 generally at 5 and containing a body 6 of 
liquid air or liquid oxygen for breathing 
purposes. This container is included in a 
portable pack designed generally by the dot- 
dash line 8 and which can be strapped to the 

/|0 back of the miner or other user. A gas head 
9. derived from the liquid 6 as hereinafter 
described, is used to pressurize the bottle 

The liquid air or oxygen 6 is withdrawn 
45 from the container or bottle 5 through a 
liquid outlet conduit 12 which has a branch 
13 containing a fill valve 14 and having a 
filling connection indicated generally at 15. 
The liquid air or oxygen from the liquid 
SO outlet conduit 12 is converted into gas for 
breathing purposes by passage through a 
heat exchanger or heater 16 and the ouOet 
line 18 which connects with a fitting 19 
forming part of a quick disconnect indicated 
<S generally at 20. The other part 21 of this 
' ' quick disconnect has a flexible line 22 lead- 
ing to a face mask (not shown) of the miner 
or other user. 
In the practice of the present invention 
^0 a part of the liquid air or oxygen from the 
liquid outlet conduit 127 is converted into 
gas and this gas is used to pressurize the 
double walled container or bottle 5 by being 
admitted into the gas head 9 above the 
6S body 6 of liquid in the double walled con- 


tainer or botUe 5. To this end a branch 
line or pipe 25 from the liquid ouUet con- 
duit 12 connects with the inlet of a build- 
up healing coil 26. the outlet line 28 of 
which contains a valve 29 and connects with 70 
the inlet of a pressure regulating Valve indi. 
caied at 30. This pressure regulating valve 
has a relief valve 31 discharging into the 
atmosphere and its outlet line 32 connects 
with a gas pressurizing conduit 33 having 7.') 
a vent valve 34 and leading to the gas head 
9 in the top of the double walled container 
or bottle 5. Desirably the breathing pack 
also includes a restrictor 35 in the liquid 
outlet conduit 12 between the branch line HO 
25 and the heat exchanger 16; an accumu- 
lator tank 36 followed by a supply valve 37 
in the line 18; a check valve 38 in the branch 
line 25 in advance of the build-up coil 26 
and a relief valve 39 in the line 28 follow- 85 
ing this build-up coil 26. 

The double walled container or bottle 5 is 
preferably of cylindrical form with its axis ; 
normally arranged upright and includes an 
inner cylindrical shell 40 having an upper 90 
end 41 and a lower end 42 and a concentric 
outer cylindrical shell 43 having an upper 
end 44 and a lower end 45. The space 46 
between these shells can contain insulation 
(not shown). This insulation is preferably 95 
a pure vacuum or in the form of super- 
insulation, that is. alternate layers of porous 
paper and reflective foil. 

To withdraw the liquid air or oxygen 
from the bottom of the double walled con- 100 
tainer or bottle 5. the liquid Outlet con- 
duit 12 connects with a fitting 48 extending 
through and secured, as by welding, to the 
lower end 45 of the outer shell 43 and con- 
nected by a pipe 49 in the space 46 with a 105 
fitting 50 extending concentrically through 
the lower end 42 of the inner shell 40. This 
fitting 50 has a bore 51 extending down- 
ward from the lop of the fitting concentric 
with the axis of the inner container 40 and 1 10 
communicating at its lower end with the 
oudet pipe 49 leading to the liquid outlet 
conduit 12. An important feature of the 
invention resides in the bore 51 of the 
fitting 50 serving as bearing for a swivel 115 
52. This swivel has a depending stem 53 
joumalled in the bearing bore 51 and has a 
vertical bore 54 extending upwardly from 
its bottom. The upper end of this bore 54 
commtmicates with a liquid oudet tube 53 120 
secured to and extending laterally outwardly 
from the swivel 52 and having its outer open 
end 56 arranged close to the juncture of the 
side wall of the shell 40 and its bottom 
end 41 The outer end 56 of this tube 55 125 
also carries a wei^t 57 for a purpose which 
will presently appear. 

The swivel 52 has an upstanding con- 
centric neck 58 secured as by a pin 59, 
to a thin walled tube 60. This tube is 130 


amagcd ccmcentricaUy of the inner shell ai\ . 

and Its upper end is secured, as by a Din ^6 of tlie Hquid outlet 

61. to me depending neck 62 of a sw^S hJ'.S PosiuXCiS 

63. This swivel 63 has an upstanding 2 .1"'"' ®' « swi^SS the outer «d fo 

64 which IS joumaUed in the open ^K^^ ^. Pressurizing tube 69 to the 

ri„? I 66 extendiTf^^n^ A^T Ae inner shdl S 

centricaUy through and secured, as bv wrfd " *e incoming gas from the 

fflg. to the upper end 41 of the hinerS' f • P'*l«»J2in8 tube 69 empWd tocrS 

40. The swivel 63 has a hn.e ^n^.?'^? f^n^e the gas head 9 is a(hnittS SrS 

inio tins gas head becaiKP ^ 
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40" f h* snrivii « iT shen 
w. ine swivel 63 has a bore 68 which io 

iO open at its upper end and at its lowerlnd 
T^^T" " eas pressurSg tK 

^"Jy swivel 63. The ouen out 

15 press^rS tut 

15 69 IS arranged to swine do<:e tn^^ t- 

of iunaure V the sMe' ^rof^^^ii^S 
Shell 40 and its upper end 41 anH • 
K«/^tu« of inv'endo^^^des^- 
the open ended gas pressurizine m 
the%pisite SL^'' wS 
relation to the open ended liquid ouflet tab! 
nf'«h*' fs-.^ese two tubes fceing 180» out 
of phase with reference to each other 

2S hJ^ "PPS^ 65 is comected 

25 by a pipe 71 contained withm the sm^^ 
0 a fittmg 72 extending through a^d^r^d 
"PPW end 44 of the 5ut« sK? 
Tta^ fittmg 72 connects with the gas iwessu: 
nzing conduit 33 ^ pressu- 

nia^d"o?* ,f "^"'^ whaMon de- 
mana of the user as aoDlied nt tha 

iwner 5 and flowing out the inlet end« 

Ae k,r^ft^'^"'^ .°"«'^^ SifinS 
{Jf«.^« ?^ J''^ swivel 52. From Zs 


inio7hi7«,r^ J u admitted directly 
mto this gas head because the outer end 70 
°f„.*« gas pressurizing tube seela the 7? 

^u^J f is also souSt *f 
course, by the gas head 9 Th!. •„ 

KiSiif °^ S'inLS'si^^^S 

tody TTL^ ^'^^^i into thJ 
zontal 

'Stiof^'^ ^'''^ 

required to work fn ^^e 

body positions afwheniSne*-" 
» crawl along a slo^ in J" ^""^ed 
when this ocSure tT o^- Thus, 
walled contS 5 ^'l °* ^''^ *»'l>Ie 
position^th^^l ''^°"8ht to an angular 

|is occurthfSt'?7'^ir'«^'-^^ 
56 of the hquid^ure f,^'c^ ^^d 
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shown) of the user, 
iciiw vaive 31. From the outlet of 

SSS tha ■ °?yse° contained therein 
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to the nSn^fcresSS to V 
More imuortanf if*S^^ '° his demands. 

time Sffim thl i^r^' '«'«*is 
liquid ai° of o?ra«, amount of 

gas head 9°heS^e thJ^'l-' •™'°'"««» 
weighted liquid oufleuSe ^TT^ 
tube 60 connectiZ the , 55. through the 

63. swin^?oL?^S°rt^P '^'^ 
pressurizing tube 69 to fh» *he gas 

with the inner «,Stein J In^'^''^^ Position 
charges direcfly1S?o Ae °.f° i^^* ««- 
into the b^ 6 of ]fcf ' "«>t 
"condense therein and ^^^S^" «<> 

of pressurizihj A?s Sv fi r'''.l""?«°» 
oxy^n for by tS^e'^ij^ °* « '25 

the outer end 7o of thp r.n. ^^^^ position. 
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gas head 9 until such lime as the end 70 
becomes immersed in the liquid air or oxy- 
gen. Obviously, the point at which the 
end 70 becomes Immersed in the liquid air 
5 or oxygen depends on the amount of liquid 
air or oxygen in the container and on the 
precise shape of the container. 

WHAT WE CLAIM IS:— . 

10 1. Apparatus for converting liquid air or 
liquid oxygen into gaseous form, which 
apparatus comprises (1) a liquid air or liquid 
oxygen container having a liquid outlet 
member and a gas inlet member connected 

15 together and so arranged that, no matter 
how the container is oriented between its 
normal upright position and its horizontal 
position, the liquid outlet is always at the 
lowest point of the container and the gas 

20 inlet is always at the highest point and 
(2) means for converting liquid air or liquid 
oxygen withdrawn from the container into 
gas and returning part of the gas to the con- 
tainer through the gas inlet member, the 

25 arrangement of the liquid outlet member 
and the gas inlet member being such that 
* in angular positions of the container between 
its normal upright position and its hori- 
zontal position, the gas inlet member is 

30 adapted to discharge gas into a space above 
liquid air or liquid oxygen in the con- 
tainer and thereby avoid recondensing the 
gas in the liquid air or liquid oxygen, and 
the liquid outlet member is adapted to cx- 

35 pel the maximum total quantity of the liquid 
air or liquid oxygen in the container. 

2. Apparatus according to claim 1 in- 
cluding a liquid outlet conduit comraumcat- 
ing with the liquid outlet member, means 

40 for converting a part of the liqind air or 
liquid oxygen in the liquid outlet condmt 
into gas for breathing purposes, a gas pressu- 
rizing conduit communicating with the gas 


inlet member, means for converting a part of 
the liquid air or liquid oxygen m the Uquid 45 
outlet conduit into gas and conducting such 
gas to the gas pressurizing condiul. and 
means actuated by gravity to move the 
liquid outlet to its lowest point and the gas 
inlet to its highest point withm the con- w 
tainer when the container is in angular posi- 
tions between its normal upright position 
and its horizontal position. , 

3. Apparatus according to claim 2 m 
which the gravity actuated means is a weight 
fixed to the liquid outlet member. 

4. Apparatus according to . claim 2 or 
claim 3 in which the liquid outlet mem- 
ber projects radiaUy from a swivel jour- 
nailed on the bottom of the container: in W 
which the gas inlet member projects radially 
from a swivel joumallcd on the top of the 
container, and in which there is means 
connecting the swivels to compel them to 
rotate in unison. ^ . 

5. Apparatus according to claim 4 m 
which the swivels are concentric and a 
rod is fixed at its opposite ends to the 
swivels to compel them to rotate in umson. 

6. Apparatus according to claim 5 in 70 
which opposing necks are provided on the 
swivels concentric with their axis of rota- 
tion and in which the rod is in the form 

of a ihin-walled hollow tube wth its oppo- 
site ends embracing and fixed to the necks. 75 

7. Apparatus according to claim 1 sub- 
stantially as herein described with reference 
to the accompanying drawings. 
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